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Abstract 
Cardio-vascular disease (CVD) is the leading cause of death and disability in New Zealand accounting for approximately 
40% of deaths. Since 1999, government health strategy has included CVD as one of the top public health priorities. Early 
detection and intervention are important factors in the control of CVD. In New Zealand, evaluation of chest pain is the 
most common symptom for patients presenting to a cardiology service. Investigation of chest pain typically includes 
assessment by a specialist cardiologist and an Exercise Tolerance Test or ETT. Software enables the entire assessment and 
ETT to be delegated to suitably trained and experienced nursing staff, resulting in significant benefits to patients and 
reduced costs. This paper discusses how the need for the system was conceived, the results of the initial two-year pilot 
programme, and how further developments have been less successful than anticipated, largely due to organisational 
factors. 
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1. Introduction  
1.1. Background 
New Zealand’s health system is publicly funded on a model similar to the UK National Health Service. 
District Health Boards are local government bodies that encompass funding and contracting for service 
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provision to the populations with their districts. Approximately 80% of health care delivery is delivered via 
the publicly funded model, and demand for secondary hospital services is managed by waiting lists. Patients 
referred by General Practitioners (GPs) for specialist care must go on a waiting list to be seen for a First 
Specialist Assessment (FSA) and following the FSA they may need to wait for a further period before 
treatment can commence. While the system provides full access to healthcare for all New Zealand residents 
regardless of ability to pay, the waiting list system is unpopular with healthcare consumers, and ways to 
reduce the waiting time are constantly being sought. 
New Zealand has long held a reputation for leadership in the development of health informatics [3]. 
Despite this, clinicians have often been frustrated that the benefits of sophisticated information systems and 
technologies frequently do not extend to increased efficiency in clinical practice, but tend to be more oriented 
toward overall efficiency of the health enterprise and the health system as a whole [4]. In the content of this 
background, the initiation of a specific innovation is often left to the individual clinical to pursue in ways that 
he or she sees fit. 
1.2. Cardiovascular Disease 
Patients that present with chest pain are of concern to General Practitioners until they undergo specialist 
Cardiological evaluation for the presence of cardio-vascular disease (CVD). Due to the unpredictable nature of 
CVD the time spent waiting for such specialist assessment is of concern for both doctors and patients. Public 
attention can be drawn to the emotive issue of patients succumbing to CVD while awaiting treatment [1]. 
There is even evidence to suggest that the anxiety of waiting can exacerbate the patient's condition [2].  
An Exercise Tolerance Test (ETT) supervised by a nurse or technician is the primary diagnostic procedure 
for chest pain in New Zealand public hospitals. Conventionally, the ETT is not done at the time of FSA by the 
cardiologist. This is generally due to organisational constraints rather than clinical intent. As a consequence, 
public hospital waiting times for ETT can be unacceptably long (up to eight months from referral to diagnosis 
is not uncommon). Further, results cannot be given to the patient immediately post-procedure as reports must 
be compiled and signed off by a cardiologist who then meets with the patient again at a later date. 
1.3. Need for change 
The opening of Waitakere Hospital in West Auckland in 2005 provided a major impetus for change. 
Waitakere Hospital is classified a sub-District General hospital and is a forty-minute drive from the primary 
District General at North Shore Hospital  Opening the new hospital required an increase in the number of 
cardiologists because of  the inability to service both locations due to the physical distance between them. 
Consequently, there was an increase in the volume of first specialist assessments in the outpatient clinics. 
Previously the number of cardiologists had been the rate-limiting factor, and with the increase in FSAs the 
bottleneck shifted to the exercise test clinics, as tests were ordered following the FSA. As a result the waiting 
times for ETT ballooned to 18-24 months.  
Rather than making superficial changes that would have resulted in moving the bottleneck further 
downstream, it was decided to approach the problem via a complete transformation of the whole sequence of 
events from first specialist assessment by cardiologist, treadmill test by technician and a nurse, through to 
follow up clinic with the cardiologist. 
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1.4. Nature of the change 
Cardiology is ideally suited to delegation of duties by senior doctors to nursing staff. It has a robust 
evidence base, and treatment paths tend to be unequivocal with less need for variance. Patient volumes in 
cardiology are sufficiently large to deliver significant cost and efficiency gains from incremental 
improvements in processes. 
Over half of all patients who undergo an ETT do not require any further treatment for CVD. For the 
majority of patients not requiring any further treatment, improvements in throughput of ETT means that they 
would be discharged quickly, while those requiring further treatment would progress more rapidly to further 
treatment stages. 
Evaluation of chest pain is suited to a protocol-based approach by a cardiology nurse specialist. However, 
given that the consequence of an incorrect assessment carries a risk of myocardial infarction or death, any 
new approach must be subjected to rigorous scrutiny of outcomes.  
Under the new process, all of the previous disparate steps are rolled up into a single encounter led by a 
single cardiac nurse. The nurse specialist takes a history, collects the patient's risk factors and examines the 
patient. An ETT is then conducted at the same sitting. An electronic decision support tool is used to analyse 
this information to help the nurse specialist determine a diagnosis. 
The key aspects of the changes are shown in Table 1. 
Table 1. Key changes in practice 
Event Conventional Practice Nurse-led Practice 
First Specialist Assessment By cardiologist 
All three assessments are 
combined in a single nurse-led 
ETT visit 
Nurse-supervised ETT Separate appointment with 
significant waiting time 
Patient receives diagnosis and 
management of condition discussed 
By cardiologist at separate 
follow-up appointment 
Staff required to conduct ETT Nurse and ECG technician Nurse only 
Report generation Dictated by cardiologist at 
each of three visits, 
requiring transcription 
services 
In real time from software 
system. Patient leaves with copy 
of their final report. 
Transcription is not required, and 
the output can be stored directly 
in the hospital’s clinical portal. 
Assessment and advice on ancillary 
matters e.g. risk factors 
Provided Not specifically provided - 
referred back to primary care 
 
Considerable efficiency gains were expected through the reduction in number of patient appointments with 
healthcare professionals, the lack of requirement for dictation and transcription, and the elimination of second 
appointment waiting time through immediate availability of reports post-assessment. Patient safety would 
increase by focusing resources on those patients requiring further treatment while providing other patients 
early reassurance and management. These kinds of efficiency improvements are much in demand both 
nationally and internationally . 
The potential for a Major Adverse Cardiac Event due to a sub-optimal evaluation was recognised, and 
patients participating in the pilot were monitored via follow up phone calls and review of clinical records. 
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Studies have demonstrated that technician-supervised open-access ETT is safe and reduces referrals to 
outpatient clinics [5]. In this study a technician saw the patient, but the final report was generated by a 
cardiologist in the conventional manner. 
2. Decision Support System 
From the outset it was clear that some form of decision support software system would be essential to the 
success of the pilot. A system was conceived to encapsulate the cardiology body of evidence and deploy this 
knowledge against the variables represented by different patients.  
There are three components to the software: 
x Standing parameters related to the patient's history and risk factors 
x Exercise parameters which are entered into the system as the ETT progresses 
x Calculated values which are generated by processing the patients data against the evidence base 
The nurse specialist enters the risk factors and relevant factors from the history including notes as 
appropriate. When the test commences, the nurse enters data from the treadmill and the Electrocardiogram 
(ECG) into the test monitoring screen. The system automatically re-calculates the probability of coronary 
disease as new data is entered. Visual colour signals are used to indicate if the patient being tested is at risk, 
so that the test can be modified, and if necessary halted. 
The software was originally designed under the direct supervision of a cardiologist, and the prototype was 
encoded in Microsoft Access. The prototype has since been provided to a professional software house to 
upgrade to a fully featured product, capable of serving a number of clinics, and providing direct interface to 
the hospital system for reporting purposes and to the data feeds from the ECG and treadmill to eliminate the 
need for the nurse to manually enter these data. 
The system retains details of historical tests that can be analysed, and has features to assist hospital staff 
with monitoring and follow-up of the patients in the trial clinic. 
The initial algorithms incorporated in the software are sourced from international peer-reviewed 
publications. As the number of patients put through the system increases, the accuracy of the algorithms can 
be assessed in our own patients, and iteratively adjusted to perform better in the specific population being 
dealt with. 
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3. Results of Pilot Study 
The pilot evaluation at North Shore Hospital ran for approximately 2 years. A preliminary evaluation was 
undertaken after approx six months of the revised practice. A series of evaluation criteria were established and 
are shown in Table 2. 
Table 2. Pilot evaluation criteria 
Category Evaluated by Result 
Safety and sensitivity Proportion of patients with nor-
mal evaluation who subsequently 
acquire diagnosis of CVD 
Nil 
Efficiency and specificity Proportion of patients referred 
for further testing that turns out 
to be normal. 
16%  (8% stress echo, 8% coronary 
angiography) 
Patient satisfaction Semi-quantitatively using 5 point 
scale 
Subjectively excellent, numerical 
analysis not conducted 
Cost-effectiveness Comparison of clinical and 
administrative resource 
requirements of old and new 
processes 
Analysis awaited, but prima facie 
expected to be strong based on 
staffing changes alone 
 
Specific end-points were identified for the evaluation. 149 patients were evaluated, and 14% reached the 
specified endpoints by 6 months.  Every one of these had been correctly diagnosed and managed 
appropriately by the nurse-led ETT clinic. These are shown in Table 3. It can be seen that there were no 
deaths or myocardial infarctions.  Overall, the accuracy of the nurse-led ETT clinic exceeds that of 
conventional evaluation by a specialist cardiologist.  Our view is that as more patients are analysed, then some 
adverse events and missed diagnoses will occur.  However, we don't discount the possibility that this 
approach may prove to be more accurate than conventional specialist assessment. 
Table 3. Study endpoints at six month evaluation 
Endpoint Evaluated by/procedure Result 
Death  Nil 
Myocardial infarction Troponin above reference limit Nil 
Coronary artery lesion >70% diameter loss 11% 
Admission with angina Angiogram 3% 
Positive stress imaging study Stress echocardiography or nuclear perfusion Nil 
 
During the initial six month period the number of people waiting for ETT reduced by over 60% in both 
hospitals, and average waiting times dropped from eight months to two weeks. 
Qualitatively, general practitioners are overwhelmingly supportive of the concept of a more rapid access to 
a chest pain evaluation for their patients. Until a patient with chest pain is seen by the hospital the GP remains 
clinically responsible, so a timely clinic appointment is appealing. This is despite the concern that risk factors 
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are not examined at the nurse-led ETT clinic. In general GPs feel they are capable of monitoring risk factors 
and there are suitable decision support tools [6,7] to provide support for them in doing so. 
There is a significant reduction in clerical and administration costs due to the re-duced number of bookings 
that need to be made, the lower numbers of staff involved in the operation of a clinic and the elimination of 
the need for transcription services. 
There are a number of direct and indirect benefits to patients. The service provides timely clear and fair 
response to patients. Patients are typically seen with two weeks of referral and are less likely to be referred to 
Emergency Departments. The immediacy of the results reduces the period of unnecessary anxiety for the 
majority of patients who do not have a cardiac condition, while promptly re-directing patients who do require 
further treatment. Questions are asked at follow-up time to ensure patient satisfaction remains high.  
The nurse-led clinic brings the New Zealand public health system, more into line with conventions used in 
private cardiology practice in terms of the human resources required to operate the clinic. There is a 
significant increase in job satisfaction for nurses performing the tests, which has had a positive effect on staff 
recruitment and retention. 
4. Beyond the Pilot Study 
The initial enthusiasm of the individuals involved in the pilot programme did not entirely transfer to the 
wider organisation. ECG technicians became concerned that they were not required to be present for the 
changed procedures; nursing leaders were concerned about clinical risk being devolved to nursing staff, and 
over time the effectiveness of the initial improvements were progressively eroded. While the software 
continues to provide benefits for the ETT clinics, the wider systemic benefits have been less successful. This 
is not an unusual situation. It has been seen often in New Zealand that while innovative clinicians take a 
leadership position and strongly push for a change, the change will be successful only while the impetus is 
provided. Unless there is a wider acceptance of the change by the clinical population as a whole, the 
innovation does not proceed, or proceeds more slowly.  This occurs despite the evidence elsewhere that nurse-
led care of patients can be equal to or even superior to the usual care provided by a cardiologist [8]. 
5. Conclusions 
The initial pilot study has shown that significant benefits can be obtained for patients, clinicians and 
hospital administrators. These benefits were obtained in the pilot (and have been maintained since) with no 
adverse impact on patient safety. 
x Reductions in patient waiting times and the number of patients on the waiting list 
x Increased patient satisfaction 
x A reduction in clerical administrative time 
x The benefits have been obtained at no additional risk to patients 
x Nurse and GP satisfaction were not specifically measured but there was sufficient anecdotal feedback to 
indicate this is a significant side benefit 
A key factor in the success of the project was the leading position taken by clinicians in conceiving the 
concept, and working with the software developers to ensure that the decision support system was fully and 
properly developed.  There remains considerable potential for on-going improvement to the algorithms as the 
population being treated grows. 
The initial successes at North Shore Hospital showed great promise. The project has shown that a relatively 
small expenditure, with careful planning, a specific focus, and proper enablement by appropriate technology, 
can deliver considerable benefits to the health system. 
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Nevertheless, the wider political and bureaucratic aspects of the organisational change also require close 
attention. The evidence seems to suggest that demonstrating clinical and patient benefits are not by 
themselves enough to make an innovation permanent. 
Some consideration of incentives including financial incentives may be necessary to increase the rate of 
diffusion of innovation in clinical delivery as has been suggested elsewhere [9]. The importance of ensuring 
innovation is persistent should not be underestimated, since research has shown that compliance with 
performance measures in outpatient clinics is highly variable with consequent implications for quality of care 
[10]. We contend that electronic decision support such as is described in this paper has significant potential to 
eliminate the variability and thus greatly increase the quality of care delivered. 
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